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1.0 INTRODUCTION 

1.1 Project Description and Purpose 

The City of Fort Lupton (City) owns the wastewater treatment facility (WWTF) located in Fort Lupton, 

Colorado, and the collection system, which includes three lift stations: North, South, and East lift stations. 

Operation of the WWTF is performed by an operator in responsible control (ORC) that is contracted 

through Jacobs Engineering Group. The WWTF discharges east of the facility into the South Platte River 

approximately one mile below the confluence of the river with Big Dry Creek. The current WWTF, 

constructed in 1993, is nearing the end of its useful life and needs to be upgraded to accommodate future 

growth within the service area and meet current Colorado Department of Public Health and 

Environment’s (CDPHE) DR-1 regulations. 

The existing facility includes preliminary, secondary, disinfection, and solids treatment processes. The 

current permitted capacity of the WWTF is 2.75 million gallons per day (MGD) maximum month flow 

(MMF), and the permitted biochemical oxygen demand (BOD) loading capacity is 4,355 pounds per day 

(ppd). The objective of this project is to increase the hydraulic and organic loading capacities of the 

WWTF to approximately 3.1 MGD MMF and approximately 7,700 lb BOD/d, respectively. The Site 

Location Application for this project was submitted on April 6th, 2020 and approved on June 10th, 2020. 

This report outlines the information required as part of the CDPHE design approval process. 

1.2 Existing Service Area 

The existing service area is approximately 57 square miles located in Weld County. The boundaries of the 

planning area are shown in Figure 1, and are generally formed by County Road (CR) 22, 10 miles north 

of the WWTF; CR 2, 10 miles south of the WWTF; CR 35, six miles east of the WWTF; and CR 21, six 

miles west of the WWTF. US Highway 85 divides the service area. The service area consists of mostly 

residential zones but uses also include commercial and industrial. Detailed maps of the land use and 

zoning in the service area can be found in Appendix A and Appendix B, respectively. 

1.3 Environmental Conditions  

The project site is within the property boundaries of the existing WWTF site, located northwest of the 

intersection of Highway 85 and 1st Street in Fort Lupton, Colorado, in the Northwest ¼ of Section 6, 

Township 1N, Range 66W. The WWTF is west of the South Platte River. Pertinent environmental factors 

are summarized in Sections 1.3.1 through 1.3.3. 
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1.3.1 Floodplain Analysis 

Proposed expansion of the WWTF will be to the east of the existing process basins. The proposed site is 

in the same regulatory floodway as the existing WWTF, and neither sites are in the 100-year floodplain. 

The lowest building elevation is 4896 feet, and the 100-year flood elevation is 4894.8 feet. The area’s 

Flood Insurance Rate Map (FIRM) provided in Appendix C is currently being updated by the Federal 

Emergency Management Agency (FEMA) to show that the current and proposed sites are above the 

regulatory floodways. 

1.3.2 Wetlands 

This project will occur within the boundaries of the existing WWTF site. The WWTF outfall is being 

relocated approximately 650 feet downstream of the existing outfall. Burns & McDonnell is proceeding 

with an official wetland and water body delineation and U.S. Army Corps of Engineers (USACE) 

permitting requirements for relocating the outfall. The design of the outfall is described in Section 4.9. A 

National Wetlands Inventory (NWI) map was generated for the WWTF site, found in Appendix D.  

As shown in the NWI map, the Project has the potential to impact wetlands or other water bodies which 

may be considered jurisdictional waters of the United States, as defined by Section 404 of the Clean 

Water Act (CWA). Impacts to jurisdictional waters of the United States are regulated by the U.S. Army 

Corps of Engineers, and only the USACE has final and/or legal authority to determine the presence and 

boundaries of jurisdictional waters of the United States. The presence of wetlands based on NWI maps or 

other background data cannot be assumed to accurately identify the location of jurisdictional wetlands. To 

accurately identify the locations of wetlands or other water bodies, a wetland delineation shall be 

completed prior to any construction. 

1.3.3 Threatened and Endangered Species 

The USFWS environmental conservation online system maintains maps of critical habitats near the 

WWTF. The WWTF site impacted by this project does not contain any critical habitats for endangered 

species designated by the Endangered Species Act. Burns & McDonnell is proceeding with a threatened 

and endangered species review to determine if suitable habitat for the species listed in Table 1 is present. 

Table 1 summarizes species that the USFWS has designated as threatened, endangered, and candidate in 

Weld County with the potential to occur in the project location. 
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Table 1: Federally Threatened, Endangered, and Candidate Species  
Potentially Found in Weld County 

Common Name Scientific Name Status 

Mammals 

   Preble's Meadow Jumping Mouse Zapus hudsonius preblei Threatened 

Birds 

   Least Tern Sterna antillarum Endangered 

   Mexican Spotted Owl Strix occidentalis lucida Threatened 

   Piping Plover Charadrius melodus Threatened 

   Whooping Crane Grus americana Endangered 

Fish 

   Pallid Sturgeon Scaphirhynchus albus Endangered 

Flowering Plants 

   Ute ladies'-tresses Spiranthes diluvialis Threatened 

   Western Prairie Fringed Orchid Platanthera praeclara Threatened 

 

1.4 Geotechnical Exploration  

A field exploration program was conducted in April 2020 by Kumar and Associates to analyze and 

determine the classifications and engineering characteristics of the subsurface conditions. The full report 

is provided as Appendix E and recommends shallow spread footings or mat slab foundations for the 

proposed new structures. The report also recommends slab-on-grade construction for floor slabs.  
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2.0 EXISTING TREATMENT FACILITY 

The existing WWTF is a secondary treatment facility which consists of one screening structure, one 

oxidation ditch basin for activated sludge treatment, one secondary clarifier, two ultraviolet (UV) 

disinfection channels, two aerobic digester basins, one centrifuge solids dewatering unit, and an 

administration building. The City also owns and contracts operations of the collection system, which 

includes three lift stations: North, South, and East Lift Stations. The most recent updates to the WWTF 

were completed in 1993. Figure 2 shows the aerial view of the existing facility. An overall site map is 

shown in Appendix F.  

The WWTF is currently permitted for a capacity of 2.75 MGD MMF and an organic loading of 4,355 lbs 

BOD/day. Table 2 compares the 2018 maximum month flow and loading to the WWTF’s current 

permitted capacity to show that the plant is currently at 70% of its hydraulic design capacity and 62% of 

its loading design capacity.  

Table 2: WWTF 2018 Influent and Permitted Capacity 

Parameter 2018 Influent Permitted Capacity % Capacity 

MMF, MGD 1.92 2.75 70% 

MM BOD Loading, lb/d 2,720 4,355 62% 

 

SEH, Inc., produced a Facility Plan Report (Facility Plan) for the Fort Lupton WWTF in 2016 which 

evaluated capacities and upgrade requirements of existing equipment at the WWTF. The 2016 Facility 

Plan is included in Appendix G. 

This section describes the existing facility’s treatment processes and summarizes their respective 

capacities. A process flow diagram (PFD) of the existing treatment train is included in Figure 3. 
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2.1 Preliminary Treatment 

There are three lift stations, North, South, and East, which feed the WWTF. The East lift station conveys 

flow to the North lift station, and then the North and South are combined into one 18-inch PVC force 

main that feeds the WWTF. Improvements to influent lift stations are not considered in this report.  

Once at the WWTF, influent passes through a mechanical step screen to remove larger material that could 

damage or foul the downstream treatment processes. After screening, a 12-inch Parshall flume with an 

ultrasonic level sensor measures influent flow followed by an automatic sampler that collects composite 

samples for influent monitoring. Downstream of sampling, the influent wastewater is combined with 

returned activated sludge (RAS) from the secondary clarifier and centrate from the solids centrifuge 

before it enters the aerated area of the oxidation basin. Table 3 summarizes the capacity of each 

component of the preliminary treatment system. 

Table 3: Preliminary Treatment Unit Operations Capacities 

Parameter Value 

Influent Mechanical Screening 

   Capacity, MGD 8 

   Screen (Lamella) Spacing, in ¼ 

   Number of Units 1 

Influent Flow Measurement 

   Type Parshall Flume 

   Size (throat), in 12 

   Capacity, MGD 7.4 

 

2.2 Secondary Treatment 

The secondary treatment system consists of an oxidation basin and a secondary clarifier. Influent 

wastewater mixed with RAS and centrate (from solids dewatering) enters the oxidation basin via gravity 

from the headworks and is split equally between the east and west sections of the basin. The oxidation 

basin has surface aerators both for aeration and moving the water through the channels. Downward 

opening weir gates control the level in the oxidation basin. After the designed solids retention time, 

wastewater exits the oxidation basins and flows by gravity to the secondary clarifier.  

There is one 70 ft. diameter secondary clarifier at the WWTF. It is a center feed system with peripheral 

effluent and a spiral scraper for sludge collection. In the secondary clarifier, a RAS suction line removes 

underflow from the clarifier to the RAS/waste activated sludge (WAS) pumps in the Sludge Pumping 

Building. The RAS/WAS pump discharges are piped to a common discharge header and the discharge 
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destination is controlled by valves. RAS is returned to the screened influent wastewater upstream of the 

oxidation basin. WAS is sent to the aerobic digesters. Scum scraped off the top of the secondary clarifier 

flows by gravity to the scum wet well where is it pumped to the aerobic digester. Table 4 summarizes the 

secondary treatment unit operations and processes capacities.  

Table 4: Secondary Treatment Unit Operations Capacities 

Parameter Value 

Oxidation Basins 

   Number of Basins 1 

   Side Water Depth, ft 12’-0”/14’-7”(1) 

   Volumetric BOD Loading Rate, lb BOD/1,000 ft3 26.2 (2) 

   Food to Microorganism Ratio, lb BOD/lb MLVSS 0.15 (3) 

   Number of Surface Aerators 2 

   Surface Aerator Power, hp 100 

   Rated Capacity, MGD 2.75 

   Secondary Clarifiers 

   Number of Clarifiers 1 

   Diameter, ft 70 

   Side Water Depth, ft 13.5 

   Surface Overflow Rate (at MMF), gpd/ft2 838 

   Surface Overflow Rate (at PHF), gpd/ft2 1,096 

RAS/WAS Pumping System 

   Number of Pumps 3 (2 duty, 1 redundant) 

   Pump Capacity, gpm/Pump 300 

Scum Pumping System 

   Number of Pumps 1 

   Pump Capacity, gpm/Pump 100 

Notes: 

(1) Existing Oxidation Ditch has a step-up near the middle of the basin 
(2) At 4,355 ppd BOD5 organic capacity 

(3) At current hydraulic and organic loadings, per 2016 Facility Plan 

 

2.3 Disinfection 

Secondary clarifier effluent flows via gravity to the low-pressure UV disinfection system. This system is 

an above ground system with two UV channels. The flow is split evenly through each channel, and each 

channel can be isolated with the use of in-channel hydraulic gates. The system is a Trojan 3000 Plus 

horizontal UV system with a Lambrath effluent weir for effluent flow level control. Final effluent flow is 
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sampled by an automatic composite sampler system before it flows via gravity to the South Platte River. 

Table 5 summarizes the disinfection treatment unit operations and processes capacities.  

Table 5: Disinfection Unit Operations Capacities 

Parameter Value 

Number of Channels 2 

Number of Reactors per Channel 1 

Number of Banks per Channel 3 

Capacity per Reactor, MGD/Reactor 1.64 

Total UV Capacity, MGD 3.28 

Minimum UV Transmittance, % 55 

UV Dose, mJ/cm2 15.8 

 

Parallel to the UV effluent wet well, a non-potable water (NPW) channel gathers disinfected wastewater. 

Two NPW pumps provide service water to the plant for equipment, yard hydrants, hose bibs, etc. 

2.4 Solids Handling System 

The solids treatment process consists of two aerobic digesters used to stabilize the solids to create Class B 

biosolids (by fecal coliform testing). A side stream of pumped RAS flows to each of the aerobic digester 

basins. Scum is skimmed from the top of the clarifier and flows by gravity to a scum manhole where it is 

pumped from the scum manhole to the digester. The two digester basins on site are below-grade and have 

a concrete cover. Positive displacement blowers provide air for the coarse bubble diffusion system. This 

system is used to provide air for mixing and biomass destruction and stabilization. A digested sludge 

pump moves biosolids from the aerobic digesters to a polymer mixing tank upstream of the centrifuge. 

Liquid emulsion polymer is combined with non-potable water and digested solids in the mixing tank. The 

biosolids are then dewatered using a single centrifuge. Dewatered cake from the centrifuge is conveyed 

by a screw conveyor to a dumpster to be hauled offsite and land applied. Centrate from the centrifuge 

drains back to the RAS pumps for conveyance back to the head of the plant. Table 6 summarizes the 

capacities of the respective unit operations and processes that comprise the solids handling system. 

Table 6: Solids Handling Unit Operation Capacities  

Parameter Value 

Aerobic Digestion 

   Number of Basins 2 

   Total Volume, gal 490,000 

   Treatment Capacity, ppd of WAS 3,000 
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Parameter Value 

Blowers 

   Number of Blowers 3 

   Blower Capacity, SCFM/Blower 1,200 

Digested Sludge Pumping System 

   Number of Pumps 1 

   Pump Capacity, gpm/Pump 50 

Dewatering Centrifuges 

   Number of Centrifuges 1 

   Centrifuge Capacity, gpm/Centrifuge 50 

 

2.5 Existing Facility Capacity Limitations 

The 2034 projected flows and loads are anticipated to exceed the treatment capacity of nearly every 

process at the existing facility. All unit processes at the WWTF will need to be designed to meet CDHPE 

Design Criteria (DR-1) standards for size and redundancy at domestic wastewater treatment works. 
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3.0 GENERAL DESIGN CRITERIA  

J&T Consulting, Inc., completed a Preliminary Engineering Report/Utility Plan (Utility Plan) on behalf of 

The City of Fort Lupton in 2015, which was approved by the North Front Range Water Quality Planning 

Association (NFRWQPA). The Utility Plan is included in Appendix H. The system’s service area is not 

anticipated to change from that described in the Utility Plan.  

Burns & McDonnell relied upon the flow and BOD loading forecasts from the Utility Plan for this report.  

3.1 Population Projections 

The Utility Plan projects population growth along a 3.0% growth curve through the year 2034. The City 

of Fort Lupton chose to continue to use the same population projections cited in the Utility Plan for future 

WWTF planning. The 2034 population projection is shown on Figure 4. The 2012 population was 7,592, 

per 2012 U.S. Census data. At a 3.0% growth rate, the projected 2034 population will be 14,547. 

Figure 4: Historic and Projected Population 

      

3.2 Influent Flow Projections 

Projected flows and loads through the 2034 planning year are shown in Table 8, as provided in the Utility 

Plan. According to the Utility Plan, it is assumed for projection purposes that residential flow will be 75 

gallons per capita per day (gpcd). This flow value is within the range recommended by CDPHE’s DR-1 
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regulations. The projected non-residential flow includes industrial and inflow/infiltration and was 

developed for 2013 by subtracting residential wastewater flows of 75 gpcd from the maximum month 

average flow for 2013 of 1.3 MGD (1.3 – 0.58 = 0.72). Non-residential flow values are rounded. 

According to the Utility Plan, an increase in the non-residential reserved capacity of 300,000 gpd in 2021 

and 1.0 MGD in 2030 reflect the City’s request to provide a significant portion of available capacity for 

commercial or industrial businesses which may move to Fort Lupton. 

3.3 Peaking Factor 

The projected 2034 peak hour flow (PHF) value is used to determine hydraulic constraints and/or 

limitations at the WWTF. Although the Utility Plan does not specify a projected PHF for the year 2034, 

the report does state that a peaking factor of 2.5 multiplied by average day flow (ADF) is common for 

WWTF design. Additionally, the past five years of plant influent flow data were graphed to determine the 

maximum daily flow (MDF) and ADF (included in Appendix I). A peaking factor of approximately 2.5 

was obtained from the ratio of MDF/ADF in this dataset.  

The Utility Plan does not explicitly state a value for the 2034 projected average day flow (ADF) to be 

used in a PHF calculation. Recent plant data from 2015-2019 indicate that ADF is approximately 77% of 

MMF (1.177 / 1.523 = 0.77); refer to average day and maximum month plant influent flowrates in Table 7 

below.  

Table 7: Historic 2015-2019 Average Day and Maximum Month Influent Flowrates  

Year ADF (MGD) MMF (MGD) 

2015 1.161 1.483 

2016 1.148 1.475 

2017 1.109 1.417 

2018 1.380 1.923 

2019 1.086 1.315 

Average 1.177 1.523 

 

The Utility Plan’s value for 2034 MMF of 3.1 MGD is multiplied by 77% to produce an ADF of 2.4 

MGD. Burns & McDonnell then applied a peaking factor of 2.5 multiplied by the ADF of 2.4 MGD to 

arrive at a projected 2034 PHF of 6.0 MGD.  

3.4 Influent BOD Load Projections 

The City of Fort Lupton elected to adopt projected flows and loads used in the Utility Plan, which are 

projected through the year 2034 using historical flow and loading data from 2011-2013. The Utility Plan 
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utilizes a design maximum month influent BOD loading rate of 0.42 pounds per capita per day, which is 

an average of the per capita BOD loading from 2011-2013.  

Table 8: Projected Fort Lupton Population, Flows and BOD Loadings (taken from 2015 Utility Plan) 

 
 

3.5 Influent TSS, Ammonia, and Total Phosphorus Load Projections 

Burns & McDonnell analyzed historical WWTF loading data from 2015-2019 to determine average 

influent concentrations of total suspended solids (TSS), Ammonia, and total phosphorus (TP). These 

influent concentrations are shown in Table 9.  
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Table 9: Average Historic TSS, Ammonia, and TP Concentrations for 2015-2019 

Year 
Average TSS 

Concentration (mg/L) 
Average Ammonia 

Concentration (mg/L) 
Average TP 

Concentration (mg/L) 

2015 209 32.6 8.02 

2016 158 23.8 6.17 

2017 186 26.4 5.88 

2018 175 22.5 4.85 

2019 171 30.1 4.89 

Average 180 27.1 5.96 

 

These average loading rates were multiplied by 8.34 and the projected 2034 maximum month flowrate of 

3.1 MGD to project 2034 maximum month (design) TSS, Ammonia, and TP loads shown in Table 10.  

Table 10: Projected 2034 Influent TSS, Ammonia, and TP Loading Rates 

Condition TSS (lb/d) Ammonia (lb/d) TP (lb/d) 

2034 Maximum Month 

(Design) Loading 

4,650 700 154 

 

3.6 Effluent Requirements 

The City of Fort Lupton WWTF submitted an application to obtain Preliminary Effluent Limitations 

(PELs) for the WWTF on June 27, 2019. The CDHPE Water Quality Control Division (WQCD) informed 

Burns & McDonnell and the City of Fort Lupton on April 20, 2020 that current PELs should continue to 

be used for future planning.  

Table 11: Preliminary Effluent Limitations for Evaluation under the Site Approval Process 
Discharge to the South Platte River  

Parameter Effluent Limitations 

Total Organic Nitrogen (mg/L) 
15* (running annual median) 

20** (95th percentile) 

Total Phosphorus (mg/L) 
1.0* (running annual median) 

2.5** (95th percentile) 
Notes: 

   * Reported as running annual median, which is a median of all samples collected 

in the most recent 12 calendar months including samples collected in accordance 

with Regulation 85. 

** Reported as the 95th percentile of all samples taken in the most recent 12 

calendar months including samples collected in accordance  
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4.0 PROPOSED FACILITY IMPROVEMENTS 

This project focuses on the unit processes, operations upgrades and redundancy considerations for 

expanding the City of Fort Lupton’s WWTF to a design capacity of approximately 3.1 MGD. This project 

does not include any upgrades to the three lift stations or plant influent force mains associated with this 

WWTF.  

The proposed facility improvements aim to increase the treatment capacities at the WWTF. This project 

includes a new Headworks Building which will house a new influent screening system, grit removal 

system, and influent pumping system. This project also includes upgrades and modifications to the 

following existing facilities: oxidation basin, secondary clarifier, UV disinfection system, non-potable 

water system, outfall piping, aerobic digesters, and solids dewatering and handling system. 

Figure 5 and Figure 6 depict the process flow diagrams (PFD) of the plant upgrades. Figure 7 depicts the 

hydraulic profile at peak hour flow and average daily flow. Figure 8 depicts the project site map. For 

reference, applicable calculations are provided in Appendix I. 
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4.1 Headworks Building 

A new Headworks Building will house the following:  

• The existing, relocated mechanical influent screening equipment as well as a new mechanical 

screen and new manual bar screen. 

• The new grit removal system. 

• The new wet well and influent pumping system. 

• The new large-bubble mixing compressors and air-receiving tank.  

The building’s dimensions are approximately 54 ft x 93 ft, and it is proposed to be located in the 

southeast corner of the proposed project site as shown in Figure 8.  

4.2 Influent Screening System 

The influent screening system is designed to consist of two mechanical screens to remove larger material: 

the existing mechanical step screen and a new mechanical screen of the same size and capacity. The 

system is designed to have full redundancy as both screens can handle nominal 8 MGD, and each screen 

is designed to have a dedicated screenings compactor. A manual bar screen with one-inch bar spacing is 

designed to be installed in a mechanical screen bypass channel. Influent flow will no longer be measured 

by a Parshall flume after screening. Instead, a new magnetic flow meter is designed to be installed on the 

discharge header of the influent pumps that are described in Section 4.4. The WWTF’s existing automatic 

influent sampler is planned to be relocated upstream of the existing screens. 

Table 12: Influent Screening System Design Criteria 

Parameter Value 

Mechanical Screens 

   Type of screening equipment Mechanical Screen 

   Number of Screens 2 

   Capacity, MGD/Screen 8 

   Screening Channel Velocity, ft/s 1.58 

   Opening size, in ¼  

   Installation angle, ° 50 

   Headloss at 6.0 MGD(1), in 13 

Manual Bar Screen 

   Number of Screens 1 

   Bar spacing, in 1 

   Velocity through bars at 6.0 MGD(2), ft/s 1.96 
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Parameter Value 

Notes: 

(1) At 35% blinding factor 

(2) At 30% blinding factor, using Kirschmer’s Equation; CDPHE DR-1 suggests a 

maximum of 3 ft/s. 

 

4.3 Grit Removal System  

The grit removal system is designed to consist of one new stacked-tray grit concentrator unit which 

includes three trays with room for future expansion up to five total trays. De-gritted effluent is designed to 

flow over the grit effluent weir into the new influent wet well. Grit underflow is designed to be pumped 

with a new centrifugal pump to the new grit dewatering unit. The grit dewatering unit includes a vortex-

style concentrator followed by a grit washing settling basin and conveyor. Dewatered grit is designed to 

be conveyed to a dumpster for disposal, and concentrator effluent is designed to return by gravity to the 

influent stilling well upstream of screening. A bypass channel is designed to allow for maintenance of the 

grit concentrator chamber.  

Table 13: Grit Removal System Design Criteria 

Parameter Value 

Grit Concentrators 

   Number of Units 1 

   Diameter, ft 12 

   Number of Trays per unit 3 

   Design Removal at Maximum Month Flow 95% removal of all grit ≥106µm 

   Design Removal at Peak Hour Flow  95% removal of all grit ≥125µm 

Grit Washing and Dewatering Unit 

   Number of Units 1 

   Design Flow Capacity, gpm 150 

   Maximum Flow Capacity, gpm 250 

   Grit Processing Capacity, cy/hr 1 

   Capture Rate of Grit ≥ 75μm at Design Flow 95% 

   Belt Conveyor Motor Size, hp 1/3 

Grit Pumps 

   Type of Pump Self-priming Centrifugal 

   Number of Pumps 1 

   Pump Design Flow, gpm/Pump 150 

   Discharge Head, ft 20 
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Parameter Value 

   Motor Drive Type Constant Speed 

4.4 Influent Pumping System 

A new wet well is designed to be located after the grit removal system. Three new self-priming horizontal 

centrifugal pumps are designed to pump the screened and de-gritted wastewater from the wet well to the 

new influent/RAS splitter box upstream of the Biological Nutrient Removal (BNR) selectors and 

Oxidation Basins. Additionally, space is allocated for installation of an additional, future fourth pump. 

The self-priming centrifugal pumps are designed to be belt-driven. The wet well and pumps are designed 

to be housed in the new Headworks Building. Table 14 summarizes the influent pumping design 

capacities.  

Table 14: Influent Pumping System Design Criteria 

Parameter Value 

Type of Pump Self-priming Centrifugal 

Number of Pumps 3 

Pump Design Flow, gpm/Pump 2,300 

Discharge Head, ft 35 

Solids Handling Capability 3” Sphere 

Motor size, hp 50 

Motor Drive Type VFD, belt drive 

 

4.5 Biological Nutrient Removal and Oxidation Basins 

The new influent/RAS splitter box is designed to be divided into two halves that distribute the influent 

wastewater and RAS streams individually. Each half of the splitter box consists of a main chamber that 

receives flow, and three effluent chambers to split flow between the new BNR selectors using hydraulic 

gates. The third chamber on both sides allows for future expansion. The influent wastewater and RAS 

streams combine in the anaerobic zones of the BNR selectors. 

The BNR selectors, located upstream of the main oxidation basins, contain an anaerobic selector basin 

followed by an anoxic basin. The purpose of the selector basins is to promote phosphate accumulating 

organisms (PAO’s) to biologically remove phosphorus (bio-P removal) and denitrify the wastewater. 

Both the anaerobic and anoxic zones contain a large-bubble mixing system. The mixing system for both 
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BNR selectors is designed to include two compressors and a receiving tank, housed in the Headworks 

Building. 

Table 15: BNR Selector Design Criteria 

Parameter Value 

Number of Trains 2 

Anaerobic Volume, MG 0.189 

Anoxic Volume, MG 0.355 

SWD, ft 14’-7” 

Anaerobic Zone HRT, hr 2.9 

Anoxic Zone HRT, hr 5.5 

 

The addition of a second oxidation basin is designed to allow the facility to meet the DR-1 standards for 

treatment capacity and redundancy. The new oxidation basin is designed to have approximately the same 

capacity as the existing basin, and both the new and existing basins are designed to contain two large 125-

hp surface aerators per basin. The new basin contains an actuated internal recycling (IR) gate that 

recirculates nitrified wastewater to the anoxic zone of the BNR selectors. The IR gate is designed to 

recirculate 720% of forward flow. The same IR system is designed to be installed on the existing 

oxidation basin through modification of the exterior walls of the existing basin.  

Effluent wastewater is designed to flow over two weir gates at the end of each oxidation basin. The weir 

gates on the existing oxidation basin are designed to be replaced in-kind with new gates. 

Table 16: Oxidation Basin Design Criteria  

Parameter 
Value 

Proposed Existing 

Number of Units 1 1 

Volume, MG 1.22 1.22 

SWD, ft 14’-7” 12’-0” / 14’-7” (1) 

Number of Aerators per Ditch 2 2 

Aerator Type Surface Aerators Surface Aerators 

Aerator Motor Size, hp 125 125 

HRT(2), hr 18.9 18.9 

Solids Retention Time (SRT), days 17.3(3) 17.3(3) 
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Parameter 
Value 

Proposed Existing 

Notes: 

(1) Existing oxidation ditch has a step-up near middle of the basin 

(2) At MMF 

(3) 10.5°C 

 

4.6 Secondary Clarification 

Effluent from the oxidation basins flows to a new mixed liquor (ML) splitter box where it is designed to 

be split between the existing and new secondary clarifiers. The addition of a new secondary clarifier of 

the same nominal size and type as the existing clarifier is designed to allow the facility to meet the DR-1 

standards for capacity and redundancy. Table 17 summarizes the secondary clarifier design criteria. The 

existing clarifier mechanism is nearing the end of its useful life and is expected to be replaced in-kind. 

Effluent from both clarifiers is designed to flow by gravity to the UV system influent stilling well. Each 

clarifier is designed to hydraulically pass 100% of PHF when one train is out of service. 

Table 17: Secondary Clarifier Design Criteria 

Parameter 
Value 

Proposed Existing 

Number of Units 1 1 

Type of Clarifier Circular 

Diameter, ft 70 70 

Design Capacity, MGD 1.75 1.75 

Peak Hydraulic Capacity, MGD 3.3 3.3 

Surface Area, ft2 3390 3390 

Side Water Depth (SWD), ft 13.5 13.5 

Weir Loading Rate, gpm 14,540 14,540 

Surface Overflow Rate (SOR), gallons per day per sf (gpd/ft2) 

   SOR @ MMF 403 403 

   SOR @ PHF 780 780 

Solids Loading Rate (SLR), pounds per day per SF (lb/d/ft2) 

   SLR @ MMF 25.8 25.8 

   SLR @ PHF 36.8 36.8 
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The scum pipe from the new clarifier is designed to tie into the existing scum manhole. A new 

progressive cavity pump is designed to replace the existing scum pump in the Sludge Pumping Building. 

The new pump is designed to transfer the scum to the existing aerobic digester system. 

Table 18: Scum Pump Design Criteria 

Parameter Value 

Type of Pump Progressive Cavity 

Number of Pumps 1 

Pump Design Flow, gpm/Pump 100 

Discharge Head, ft 40 

Motor Size, hp 5 

Motor Drive Type Constant Speed 

 

Return activated sludge (RAS) is designed to be collected off the bottom of the clarifiers and sent to the 

Sludge Pumping Building. The existing RAS pumps are designed to be replaced with new self-priming 

horizontal centrifugal pumps. The RAS system is designed with three pumps (two duty, one 

swing/redundant). Each pump is designed to be capable of pumping 25%-100% of influent flow. RAS 

pump calculations are located in Appendix I. The RAS is pumped in a new line to the influent/RAS 

splitter box. 

Table 19: RAS Pumps Design Criteria 

Parameter Value 

Type of Pump Self-priming Centrifugal 

Number of Pumps 3 

Pump Design Flow, gpm/Pump 2,300 

Discharge Head, ft 25 

Motor Size, hp 50 

Motor Drive Type VFD 

 

4.7 UV Disinfection System 

A new UV Disinfection Building is designed to be constructed, and the existing UV Building is proposed 

to house the new blowers described in Section 4.10. The new disinfection system is designed to utilize 
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two fully-redundant parallel trains, each containing two banks per train. These improvements are 

anticipated to allow the facility to meet the DR-1 standards for capacity, dosing, and redundancy. Effluent 

from the UV disinfection system is designed to fall over one large weir to the discharge to the plant 

outfall. Non-potable process water is also designed to be pumped from the UV effluent upstream of final 

flow measurement. Final effluent is designed to be metered through a Parshall flume located inside the 

UV Building before discharging to the outfall. The existing effluent composite sampler is proposed to be 

relocated to the new UV Disinfection Building for collecting samples of disinfected plant effluent. 

Table 20: UV Disinfection System Design 

Parameter Value 

Type of Unit Horizontal, Open Channel 

Number of Trains 2 (1 Duty, 1 Redundant) 

Number of Banks per Train, Bank/Train 2 

Number of Lamps per Bank, Lamps/Bank 32 

Effluent E. coli, #/100 mL 126 

Capacity per Train, MGD 6.6 

Design Dosage, mJ/cm2 30 

Assumed UV Transmittance, % 65 

Validation  Independent, Third Party Bioassay 

 

4.8 Non-Potable Water System 

A new non-potable water (NPW) pumping system is designed to be installed to replace the existing NPW 

system. The new pumping system is designed to be located in the new UV Building. A portion of the UV 

effluent is designed to be sent to the NPW system wet well where two new pumps distribute the water 

throughout the plant. The existing NPW loop in the plant is proposed to continue to be used with 

additions to the loop to tie into the new headworks Building. Table 21 summarizes the non-potable water 

requirements.  

Table 21: Non-Potable Water Requirements 

Parameter Value 

Plant Water Flow, gpm 210 

Min Plant Water Flow, gpm 25 

Plant Water Pressure, psi 100 
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4.10 Waste Activated Sludge Tanks, Sludge Pumping Building, and 

Blower Building 

The existing Sludge Pumping Building, existing UV Building (now Blower Building), as well as the two 

existing aerobic digesters, are proposed to continue to be used. A new coarse-bubble grid diffusion 

system is planned to be installed in the existing aerobic digesters. This system also includes three new 

hybrid blowers which will be sized to have two duty and one redundant blower. The blower piping is 

designed to be stainless steel. The existing aerobic digesters shall be designated as Waste Activated 

Sludge Tanks pending fecal coliform testing to indicate the ability to create Class B biosolids. 

Dry pounds per day (ppd) from the secondary clarifier to the WAS Tanks is designed to be 4,880 ppd. A 

38% winter volatile solids (VS) destruction is assumed in the WAS Tank with a solids retention time 

(SRT) of 26 days and design winter temperature of 15°C. Given the tank’s volume does not change in this 

design, process aeration using coarse-bubble diffusers requires approximately 900 SCFM per tank. 

Mixing aeration also requires approximately 900 SCFM. WAS Tank calculations can be found in 

Appendix I. 

Table 22: Coarse-Bubble Diffuser Design Criteria 

Parameter Value 

Type of Unit 
Coarse-Bubble, Wide-Band 

Diffusers 

Number of Nozzles per Cell 70 

Daily Mixing Requirement, hr 24 

Blower Type Rotary Lobe Hybrid Blower 

Number of Blowers 3 (2 Duty, 1 Standby) 

Blower Motor Size, hp 60 

 

Supernatant flows over the top of the WAS Tank decanter weirs and into a wet well where it is combined 

with pressate return from the dewatering system. The existing decanting weir gates are planned to be 

replaced in kind. A new supernatant/pressate return pump is designed to pump from the wet well into the 

discharge line of the RAS pumps, sending the supernatant and the pressate return to the influent/RAS 

splitter box. The RAS pumps are designed to accommodate the additional head from the 

Supernatant/Pressate Return flow. All pump calcs can be found in Appendix I. 
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Table 23: Supernatant/Pressate Return Pump Design Criteria 

Parameter Value 

Type of Pump Progressive Cavity 

Number of Pumps 1 

Pump Design Flow, gpm/Pump 300 

Discharge Head, ft 20 

Motor Size, hp 5 

Motor Drive Type Constant Speed 

 

4.11 Solids Dewatering and Handling 

The existing centrifuge and polymer mixing tank appear to be at the end of their useful life. A new sludge 

dewatering press and polymer mixing and feed system is designed to be installed in the existing Solids 

Dewatering Building. Pressate return is designed to flow through a new line to the supernatant wet well in 

the Sludge Pumping Building. A new dewatered solids conveyor is designed to replace the existing 

conveyor in the Dewatering Building and to transport biosolids from the sludge dewatering press to the 

dumpster located outside the Dewatering Building for dewatered biosolids disposal. 

Table 24: Dewatering Feed Pump and Sludge Dewatering Press Design Criteria 

Parameter Value 

Dewatering Feed Pump 

   Pump Design Flow, gpm 85 

   Discharge Head, ft 15 

   Motor Size, hp 5 

   Motor Drive Type VFD 

Sludge Dewatering Press 

   Max Flow, gpm 85 

   Max Solids Feed, lb/hr 850 

   Min Dewatered Cake Solids, % TS 16 

   Min Solids Capture Rate, % TS 92 

   Max Active Polymer Consumption, lbs/dry ton 22 

   Motor Size, hp 5 

   Hours Operated per Day 8 

   Days Operated per Week 5 
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4.12 General Facility Design and Improvements 

The upgraded SCADA system included in this project is designed to provide monitoring, control, and 

alarms for operators to adjust processes as needed. All main plant areas (e.g. Headworks, Dewatering, 

UV, Sludge Pumping) are designed to have a dedicated programmable logic controller (PLC) that 

monitors and/or controls, both automatic and manual, the process equipment. All the PLCs communicate 

to the master Supervisory Control and Data Acquisition (SCADA) system in the operator operations room 

in the existing Administration Building. Alarms are designed to be present to the operators over the 

SCADA system. The entire SCADA system is designed to have emergency power in the event that there 

is a power outage. The existing site generator is sufficient to meet the upgraded expanded plant’s 

minimum emergency power requirements per DR-1.  

Heating and ventilation upgrades are included in this project per the IMC and NFPA code requirements. 

Heating is sized to heat the process spaces to a minimum of nominal 50 degrees Fahrenheit with an 

ambient temperature of -1 degree Fahrenheit including air flow rates, infiltration, and envelope loss. 

These design parameters account for freeze protection. Table 25 summarizes the IMC and NFPA code 

requirements for each room at the facility.  

Table 25: IMC and NFPA Code Requirements for Buildings and Rooms 

Room Name 
NEC Area Electrical Class 

(All Class I, Group D) 
Minimum Ventilation 

Basis 
Nominal Required 
Ventilation Rate 

Headworks Building  

Influent Screening & Balcony 

Class I, Div 1 NFPA 820, 5.2.2, 2, A 6 ACH 

Headworks Building  

Influent Pump Room 

Unclassified NFPA 820, 4,2,2, 18 0.06 cfm/sq ft 

Headworks Building 

Electrical Room 

Unclassified N/A 0 ACH 

Headworks Building  

Control Room 

Unclassified N/A 0 ACH 

Sludge Pumping 

Building 

Electrical Room 

Unclassified N/A 0 ACH 

Sludge Pumping 

Building 

Control Room 

Unclassified N/A 0 ACH 

Sludge Pumping 

Building 

Sludge Pumps 

Unclassified NFPA 820, 6.2.2, 27 6 ACH 

Blower Building 

Blower Room 

Unclassified N/A 0.06 cfm/sq ft 
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Room Name 
NEC Area Electrical Class 

(All Class I, Group D) 
Minimum Ventilation 

Basis 
Nominal Required 
Ventilation Rate 

Solids Dewatering 

Building 

Unclassified NFPA 820, 6.2.2, 12 6 ACH 

UV Disinfection 

Building (New) 

Unclassified NFPA 820, 5.2.2, 26 0.06 cfm/sq ft 
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5.0  PRELIMINARY OPERATING PLAN 

The discussion below describes the preliminary operating plan that is planned to be used at the WWTF, 

including staffing requirements, operating configuration and control procedures, operation during 

construction, emergency response and preparedness, safety considerations, and facility security 

provisions.  

5.1 Staffing Requirements 

The facility treatment process requires a Class A ORC. The City of Fort Lupton plans to continue using 

Jacobs Engineering to operate the facility. Jacobs assigns at least three full-time operators to the WWTF 

during normal business hours (7:00am-3:30pm, Monday-Friday). On weekends and holidays one operator 

is on-call and inspects the WWTF and nearby lift stations once per day. The expanded facility is designed 

to operate through PLC control. Critical plant operations are designed to auto-restart after power outage. 

An operator must be present to reset non-critical plant operations following a power outage.  

5.2 Operating Configuration and Control Procedures 

The sections below describe the operating configuration, control procedures, and systems for the influent 

screening, grit removal, influent pumping, BNR selectors & oxidation ditches, secondary clarifiers, UV 

disinfection, non-potable water pumping, and solids stabilization and dewatering systems.  

5.2.1 Influent Screening System 

The existing influent screen is designed to be relocated next to a new mechanical screen and a new 

manual bar screen in the headworks. The existing screen is planned to be relocated only after the new 

screen is brought online to minimize facility interruption. Influent wastewater flows to two automatic 

screens. The screening system is designed to be automatically controlled by differential level control or a 

timing cycle through a manufacturer control panel. Spray wash, using non-potable water, and screen 

cleaning sequences are designed to be automatically controlled by the control panel. Screenings are 

washed/compacted and discharged to a dumpster for haul-off disposal. Screenings wash water is returned 

to the influent channels. The screening channels are equipped with isolation gates that divert flow to the 

screens during normal operating conditions. There is a bypass channel for redundancy that is equipped 

with a manual bar screen. The mechanical screens are designed to operate based on the level measured in 

the influent channel. The screening system also contains a number of alarms that are received by the 

Headworks PLC. 
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5.2.2 Grit Removal System  

Screened influent wastewater flows into the stacked-tray grit chamber. Grit particles gravity-settle into an 

underflow collector at the bottom of the settling chamber, and a grit pump sends grit to the grit 

separator/washer unit. De-gritted liquid is returned upstream of the influent screening channels while the 

grit is conveyed to a dumpster by a dewatering conveyor. The grit system is designed to contain alarms 

that are received by the Headworks PLC. 

5.2.3 Influent Pumping System 

The influent wet well collects screened and de-gritted wastewater and provides a reservoir for the influent 

pumping system. The influent pumping system is designed to operate in automatic mode. The influent 

pumping system includes three pumps (two duty and one standby). All of the pumps are designed to 

operate using variable frequency drives. During low flows, the influent pumping control system is 

designed to maintain a set elevation in the influent wet well with a single VFD drive and level sensor.  

When the flow is too high for a single VFD to flow pace, a second VFD is designed to ramp up and use 

the level control system to maintain a constant level in the wet well. The influent pumping system is 

designed to operate during power outages using the plant’s standby generator. The influent magnetic flow 

meter records the flow from the influent pumping system to the SCADA system. The Headworks PLC 

monitors and controls influent pumping. 

5.2.4 Influent/RAS Splitter Box 

The influent pumping system conveys flow to the east side of the influent/RAS splitter box. This structure 

is designed to contain manual weir gates and a staff gauge. Using the staff gauge, operators can set the 

weir gates to each oxidation ditch at a level that maintains a 50/50 split between the two ditches.  

RAS from the RAS pumping system is conveyed to the west side of the influent/RAS splitter box. RAS is 

distributed similarly to influent, over manual weir gates plant operators control, typically to split RAS 

flow approximately 50/50 between the two ditches.  

5.2.5 BNR Selectors & Oxidation Ditches  

Flow from the influent/RAS splitter box enters the first anaerobic zone of the BNR selector basins. Each 

of the two trains has three anaerobic zones, separated by baffle walls. After passing through the anaerobic 

zones, flow enters two anoxic zones, which are also separated by a baffle wall. Finally, flow enters the 

aerated oxidation ditch. Each oxidation ditch contains an IR gate which allows aerated (nitrified) mixed 

liquor to return to the first of the two anoxic zones for denitrification at a rate of 720% of forward flow. 

The electrically-actuated IR gate is controlled by the Headworks PLC which sends an incremental 
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open/close signal to the IR gate based on readings from DO and ORP probes in the oxidation ditch and 

the associated anoxic zones. Effluent from each oxidation ditch flows over manually-set weir gates to the 

Mixed Liquor (ML) Splitter Box.  

Until the new secondary treatment train (Treatment Train 2: BNR selectors, Oxidation Ditch 2, and 

Secondary Clarifier 2) is online, the existing treatment train (Treatment Train 1: Oxidation Ditch 1 and 

Secondary Clarifier 1) is planned to continue to operate. Once the new treatment train is online, 

construction is planned to begin on the existing treatment train so that one train is always online 

throughout construction for continuous plant operations. 

5.2.6 Secondary Clarifiers 

In the ML splitter box, flow is typically split evenly between the two secondary clarifiers via manual weir 

gates equipped with staff gauges. Flow enters the secondary clarifiers through each clarifier mechanism’s 

center column and flows quiescently over the v-notch weirs along the circumference of each clarifier. 

Scum is removed from the top of the clarifier water surface via new scum skimmer arms rotating in each 

clarifier. Scum is conveyed via gravity through the scum box to the existing scum manhole. A new scum 

pump located in the existing Sludge Pumping Building pulls scum from the scum manhole and pumps it 

to the WAS Tanks via existing WAS piping. 

RAS flows by gravity from the conical bottom of each clarifier to the RAS pumps located in the existing 

Sludge Pumping Building. RAS pumps are typically set at 50% of plant flow, as controlled by the plant 

operators. RAS pumps are planned to be replaced one-by-one to maintain continuous plant operations 

during construction. RAS pumps and the secondary clarifier equipment are monitored and controlled by 

the PLC in the Sludge Pumping Building. 

5.2.7 UV Disinfection  

Secondary clarifier effluent flows by gravity through a secondary effluent manhole to the UV disinfection 

system in the new UV Disinfection Building. After the new UV system is operational, flow from the 

treatment trains will be directed to the new UV Disinfection Building to minimize disruptions to plant 

operations. Two separate UV channels are designed to provide redundant operating trains, each with 

adequate capacity to disinfect the nominal peak hour flow. The UV system operates using an automatic 

dose-paced control system. The system is designed to use UV transmittance (UVT), flow, and UV 

intensity to automatically control the system to meet the effluent disinfection requirements. The UV 

Building PLC monitors operations and alarms. 
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5.2.8 Waste Activated Sludge Tanks, Sludge Pumping Building and Dewatering  

During construction, solids are planned to continue to be wasted to the existing aerobic digester system. A 

phased approach is planned to be used to retrofit one digestion tank at a time with new aeration equipment 

in an attempt to avoid interruption to solids stabilization during construction. 

The existing WAS system design involves using pressure from the discharge of the RAS pumps. A side 

stream of RAS discharge is directed to each of the aerobic digester cells using control valves. The new 

WAS system is designed to utilize existing WAS piping between the existing Sludge Pumping Building 

and the existing aerobic digesters (now designated as WAS Tanks). Operators determine WAS wasting 

rates based on maintaining a specific solids content in secondary treatment processes. WAS control 

valves are monitored and controlled through the PLC in the Sludge Pumping Building. 

A slow-speed dewatering press is designed to dewater biosolids from the WAS Tanks. This process is 

designed to result in biosolids comprised of approximately 18% to 22% TS and will be disposed of 

offsite. The City currently relies on a third party to provide fecal coliform testing of the Class B biosolids; 

the City plans to continue this contract after the expansion. 

The solids stabilization system is designed to normally operate in automatic mode and is controlled by the 

Dewatering Building PLC. The respective components of the solids stabilization system are also designed 

to have the nominal capability to run in fully manual mode in the unlikely event of an automatic control 

system failure or equipment malfunction. The Plant Control System is designed to monitor the status of 

the systems, and plant staff will have the capability to adjust operations using the SCADA system. 

Operators plan to use the new sludge dewatering press to dewater solids approximately eight hours per 

day, up to five days per week.  

5.3 Operation During Construction 

Phased facility operation is required to maintain discharge permit compliance during construction. 

Critical phases are as follows: 

1. Identify and relocate utilities/piping that will conflict with new construction. 

2. Construct and begin operating the new UV Disinfection system before bringing Treatment Train 

2 online. Existing UV disinfection equipment will stay online until Treatment Train 1 is taken 

offline. 

3. Construct and install new electrical switchgear and generator equipment to power all new and 

existing facilities and processes. 
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4. Keep existing oxidation ditch and secondary clarifier online until new Headworks Building & 

Influent/RAS splitter box, BNR selector basins for Treatment Train 2, Oxidation Ditch 2, and 

Secondary Clarifier 2 & ML splitter box are constructed and operating.  

5. Direct all plant flow to Treatment Train 2 and commence construction on Treatment Train 1. 

6. Install new pumps without interrupting plant operations in the Sludge Pumping Building. 

7. Install new blowers without interrupting WAS Tank operations. 

8. Install new dewatering equipment. 

9. Complete remainder of facility upgrade. 

5.4 Emergency Response and Preparedness 

The WWTF is staffed five days a week, eight and a half hours a day. During weekends and holidays, an 

operator is onsite four-five hours a day and is on-call all day. The facility is equipped with alarms to 

notify operators of upsets and major problems with the plant. The existing emergency generator is 

planned to provide power in the event of an electricity outage. This generator should be sufficiently sized 

to maintain operation of the influent screening system, influent pumping system, grit removal system, the 

UV disinfection equipment and critical loads of the solids stabilization process. Plant lighting and HVAC 

is on a backup generator in the event of power outage. Critical operations of the WWTF will start 

automatically by the generators following a power outage. Non-critical operations need to be restarted 

manually.  

5.5 Safety Considerations 

Manufacturer’s Operations and Maintenance (O&M) manuals provide specific safety procedures 

associated with the operation and maintenance of certain equipment. The list below summarizes 

additional general safety considerations for this project: 

• Construction shall comply with all applicable codes and regulations, including the most current 

Occupational Safety and Health Administration (OSHA) and Electrical, Fire, Plumbing, and 

building Code requirements. 

• Construction taking place in the existing facilities shall comply with general safety signage 

around the site. 

• Control panels should be located above wetted areas to avoid potential contact with wastewater. 

• The UV system is equipped with an automated cleaning system, reducing operator contact with 

electrical equipment. 

• The UV system is equipped with a UV light face shield. 

• Eyewash stations are located in chemical handling and storage areas as required. 
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5.6 Facility Security Provisions  

The entire facility is enclosed by a six foot, chain link security fence. The primary site access gate is 

located on the south side of the facility. The gate is open during normal business hours and locked shut 

after hours. Guests entering the primary gate are required to sign-in with the on-duty operator in the 

Administration Building.  
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